Introduction
Since 1998, the WHO has developed different successive plans for the elimination of measles, interrupt the transmission of mumps and control of congenital rubella infection in the European Region. 1, 2 To meet these objectives, it is essential to achieve vaccination coverage above 95% among susceptible groups and to establish surveillance systems that, among other things, permit the identification of groups that are at risk for these immunopreventable diseases.
In Madrid, routine immunization against measles, mumps, and rubella (MMR) with a single dose at 15 mo of age was initiated in 1981. In 1996, the rubella vaccine, which was administered only to girls at 11 y of age, was substituted for a second dose of vaccine for both sexes. Subsequently, in 1999, this second dose was moved up to 4 y of age, and dosing was maintained at 11 y In recent years, there has been an increase in the number of cases of certain immunopreventable diseases in our country. a high proportion of these have been recorded among the young adult population. The aim of this study was to determine the seroprevalence of antibodies against immunopreventable diseases with the greatest health impacts on the young adult population (19-39 y of age) in Madrid. We collected a total of 1153 serum samples from healthy volunteers undergoing routine medical visits and used eLISa to determine the presence of IgG antibodies against measles, rubella, mumps, and varicella zoster, as well as Bordetella pertussis. The Pearson's χ 2 test was used to compare prevalences, the Mann-Whitney U test was used to compare means, and the Kruskal-Wallis test was applied for variables with more than 2 categories. Statistical significance was achieved with p values of < 0.05.
The global prevalence of antibodies was 92.1% for measles, 94.4% for rubella, 88.3% for mumps, 92.8% for varicella zoster, and 70.2% for B. pertussis. No statistically significant differences were found between genders. The prevalence of antibodies against measles was more than 95% in the group of individuals born after 1986, and the percentage of individuals susceptible to rubella was less than 5% in women born after 1986. In spite of adequate vaccination coverage, in our region, a population of young adults exists who have not achieved the objectives of the WHO for the elimination of measles and congenital rubella syndrome. , and Ruth Gil-Prieto of age in a transient form for those not vaccinated at age 4. This dosing was enacted to raise the levels of immunity to measles and mumps to those proposed by the WHO for the elimination of indigenous measles and to gain control of mumps, rubella and rubella congenital syndrome in the European Region. [2] [3] [4] In recent years and despite adequate vaccination programs, an increased number of cases of certain of these vaccine-preventable diseases, including measles, rubella and mumps, has been recorded in Madrid. 5, 6 Migratory movements from countries with low vaccination coverage rates, a lack of adherence of certain population groups to vaccination programs, and the existence of cohorts of young adults who were not vaccinated or who lived where no adequate vaccination coverage was achieved during childhood have largely been responsible for this rise. 7, 8 With regard to surveillance systems, seroprevalence studies are notably useful because they allow the levels of protective of the volunteers were female, and 17.7% were male. Of these samples, a total of 1129 serum samples for VZV, 1147 for measles and mumps, and 1153 for rubella and B. pertussis were viable for the seroprevalence study. There were no statistically significant gender differences in relation to the overall prevalence of antibodies against these pathogens ( Table 1) . Figure 1 shows the numbers of individuals that were seroprevalent against VZV and B. pertussis by age. Significant differences (p < 0.001) were found between different age groups when comparing B. pertussis seropositivity, but this difference was not observed for VZV.
To analyze the results for measles, mumps, and rubella, these findings were grouped by age ( Fig. 2) and by cohort according to subject birth year (Fig. 3) to allow for comparisons with other similar studies. To this end, figures were grouped into 3 different cohorts: percentages of seropositive individuals among those born before the year 1981 (period prior to initiation of MMR), between 1982-1986 (years with low vaccination coverage and less chance of contact with wild virus due to decreased circulation), and after 1986 (adequate vaccination coverage). Statistically significant differences were found between the different age groups for the prevalence of measles (p < 0.001) and mumps (p = 0.002). These differences persisted when the data were analyzed by cohort according to birth year (measles: p < 0.001; mumps: p = 0.026).
In the case of rubella, there were no statistically significant differences between different age groups or between the 3 cohorts with respect to gender.
A study of the correlation of the seroprevalence results for various diseases was conducted (data not shown) and demonstrated a statistically significant association between seronegativity for measles, mumps, and rubella. There was no correlation between the results for B. pertussis and VZV with these 3 viruses or with each other.
Discussion
Our results represent the biggest seroprevalence study performed in Spain among young adults since the national seroprevalence survey of 1996. The global prevalence of antibodies was 92.1% for measles, 94.4% for rubella, 88.3% for mumps, 92.8% for varicella zoster, and 70.2% for B. pertussis.
Measles. Of the serum samples tested for the presence of antibodies against the measles virus, 92.1% were found to be positive, 4.5% were classified as indeterminate, and 3.4% were negative. The Enzygnost ® Anti-Measles Virus/IgG ELISA test (Siemens) was used in this study. In the ESEN-2 study conducted in Europe, 14 in which the same ELISA test was used as a reference for all participating countries, it was proposed that indeterminate results obtained with this test be equated with positive results.
immunity in a population to be investigated and therefore allow the planning and evaluation of immunization programs, as well as the identification of at-risk groups for whom such precautionary measures can be implemented. 9 To date, various seroprevalence surveys conducted both nationally and in Madrid 10, 11 indicate that infection with the varicella-zoster virus (VZV) is acquired during infancy such that more than 90% of the population is seropositive for VZV by adolescence. Despite the low proportion of chickenpox cases in registered adults in our country, the severity of the clinical picture and the complications that occur, primarily in young adults, are high. 12 Pertussis is a pediatric disease caused by the bacterium B. pertussis that occurs in epidemic cycles and is notifiable. Although the incidence of pertussis in our country decreased significantly after the introduction of vaccination, in recent years, there has been an increase in the number of cases, both nationally and in Madrid, particularly in adolescents and young adults, which is most likely due to the limited duration of vaccine immunity. 2, 13 This phenomenon has caused these population groups to become the main reservoirs and sources of disease transmission to the susceptible population composed of children less than one year of age, for whom the risk of complications and mortality is higher.
Seroprevalence data for immunopreventable diseases that present the greatest health impacts for any age group have not been published in Spain in the past 10 y. Because the young adult population plays a fundamental role in the transmission of these diseases and because these infections used are more severe in this group of age, the aim of this study was to determine the prevalence of IgG antibodies against B. pertussis and the measles, mumps, rubella, and varicella-zoster viruses in the young adult population of Madrid.
Results
During the study period, serum samples were collected for 1153 healthy volunteers with a mean age of 27.67 y (± 5.9); 82.3% also found percentages of susceptible individuals greater than 5% among those over 20 y of age. 14, 18, 19 One possible explanation for these findings could be the diminished immune response generated by vaccination compared with natural exposure to the virus and the consequent loss of immunity in these subjects because they had no opportunity for repeated contact with the virus as a result of the poor circulation of wild strains in the environment. 17, 18 More than 30% of reported cases in recent measles outbreaks in Madrid and the rest of the country were among persons over the age of 20, most of whom were unvaccinated. 8, 15 The data obtained in this study corroborate the fact that this continues to be the case in Madrid, which contains a population susceptible to the disease for whom tighter surveillance and prevention measures should be established.
Rubella. According to the WHO recommendations for the elimination of rubella and the prevention of congenital rubella syndrome in the European Region, it is necessary for the percentage of women of childbearing age who are susceptible to the virus to be less than 5%. 2 The overall prevalence of antibodies to rubella virus in our study was 94.4% (Table 1) . For the results obtained with women, the level of susceptible individuals proposed by the WHO was only reached in the cohort of women born since 1986 (Fig. 3) . These data contrast with those published in our country over the last decade, 15, 17, 20 in which the percentage of women who were seropositive for rubella exceeded 95% in all age groups.
Taking this finding into account, the overall seroprevalence data against measles in our study amounts to 96.6%.
To achieve an interruption in the transmission of measles in the European region, the WHO has estimated that the proportion of susceptible individuals should not exceed 5% for young adults aged 14 y and older. 1 The overall number of seronegative subjects in our study (3.4%) is in line with the WHO requirements for the young adult population.
However, when analyzing the cohort results according to birth year, the percentage of susceptible individuals exceeded 5% for the cohort born after the year 1986 (Fig. 3) ; this result was also confirmed in the group of subjects aged 19 to 24 y (Fig. 2) . These numbers contrast with those obtained in the last seroprevalence study conducted in Madrid 14 and are surprising, given that from 1985 and adequate vaccination coverage was achieved in our region when all children born after that date received 2 doses of MMR vaccine. 5, 16 In the last nationwide seroprevalence survey, high levels of susceptibility were also obtained in the cohort of individuals born after 1986. 17 In the year that study was completed, the participants from this cohort were between 6 and 9 y old and had not yet received their second dose of MMR vaccine. These characteristics would explain the percentage of susceptible individuals found in that survey but not ours.
To date, several seroepidemiological studies published in other European countries with vaccination coverages similar to ours has been a significant increase in the immigrant population in Madrid, mainly consisting of people from Latin America. 15 Seroprevalence studies conducted in Spain among immigrant women of childbearing age have indicated that the percentage of subjects who are susceptible to rubella is high among this population, primarily among older women. 23, 24 Because our study was conducted with human volunteers, and data on their country of origin was unknown, we cannot ensure that these hypotheses fully explain the results obtained in this study.
The numbers for rubella susceptibility found in this study indicate that it is still necessary to maintain selective immunization strategies among the population of women of childbearing age in the Madrid region to prevent disease outbreaks and cases of congenital rubella syndrome.
Mumps. Since the introduction of the MMR vaccine in the Spanish immunization schedule in 1981 and despite adequate vaccination coverage, the reduction in the number of mumps cases has not been as pronounced as might be expected, with major outbreaks occurring during the last decade in Madrid and nationally. 5 As proposed in the ESEN-2 study, 14 indeterminate results in our work were not included with the positive results. However, antibody titers >15 IU/ml were considered to be protective. 14, 21 Both of these considerations could justify the lower seroprevalence figures obtained in this study compared with other studies.
In the case of MMR vaccination, it has been described that in situations where there is no "natural" viral circulation, antibody titers decrease 15 y after vaccination, although this decrease is less pronounced for the rubella vaccine, which has a vaccine component that generates a higher immune response. 22 The seropositivity values found for the cohort of women born after 1986 agree with this supposition.
The highest recorded percentage of susceptibility was among women over 30 y of age (Fig. 2) . These numbers could be explained by the inclusion of women in this age group who were never vaccinated and who, after the introduction of rubella vaccination in 1979, have had no contact with the wild virus due to its decreased circulation. Another possible explanation could be the geographical origin of these women. In recent years, there In contrast to the data presented in the latest national seroprevalence survey, 11 the highest seropositivity rates were found among subjects born after 1986 (89.4%) in our work (Fig. 3) . According to the immunization schedule of Madrid, these individuals would have received at least 1 dose of Jeryl Lynn vaccine, 15 which appears to induce lower seroconversion compared with individuals who receive 2 doses of this strain. 17 However, due to the mumps outbreak recorded in Madrid in 2007, a population-based intervention was conducted in which those individuals who had not been vaccinated with 2 doses of the Jeryl Lynn, Urabe, or RIT 4385 vaccine strains were re-vaccinated. 5 Among these subjects were those born between January 1985 and December 1989 and who were between 19 and 22 y of age at that time. The year 2007 was also when we began collecting sera for this study. Therefore, this vaccination strategy could be reflected in this work, thus justifying the somewhat higher number of seropositive individuals in this cohort.
Interestingly, the response to the three components of MMR vaccine was shown to be different in our study. On the one hand, Immunity to the mumps virus is complex and not always easy to interpret because although it is known that a high population seropositivity rate against the virus is an important factor in outbreak prevention, the baseline or minimal titer considered to be protective is unknown; therefore, seronegativity for the virus does not always equal susceptibility. 19, 25 The overall prevalence of antibodies against the mumps virus was 88.3% and did not reach 90% in any of the age groups (Fig. 2) . As described elsewhere, these seropositivity figures are lower than those obtained for measles and rubella. These data could be interpreted as a loss of immunity against the mumps virus over time as a result of reduced immunogenicity induced by the mumps vaccine component of the MMR in relation to the other two components (measles and rubella). 17, 18, 20, 25 This finding could also, however, be due to the lower sensitivities of different EIA tests that are used to detect anti-mumps antibodies compared with those detecting antibodies to measles or rubella. 14, 18 The overall seroprevalence values for young adults are similar to those obtained in studies from Madrid, Catalonia, and other surrounding countries. 15, 20, 25, 26 was reflected in these studies, the peak seroprevalence in this age group could be indicative of a recent B. pertussis reinfection, thereby allowing this population to become an important potential reservoir and transmit the disease to children.
In reference to this point, our study has limitations: the ELISA test we used has good sensitivity 39 but, compared with those that only use purified pertussis toxin as antigen, this test is not linearly correlated with WHO standards, making it difficult to quantify antibody titers and therefore difficult to identify recently infected subjects 39, 40 who would exhibit higher IgG titers. Beginning in 2011, there were a significant number of cases among adolescents 13 due to different pertussis outbreaks in Madrid and, consistent with vaccination strategies followed by other countries around us, 41 a sixth dose of acellular pertussis vaccine (Tdap) at 14 y of age was introduced into the childhood immunisation schedule in Madrid. The main objective of this strategy was to reduce morbidity and mortality in risk groups by reducing the transmission and recirculation of this microorganism.
This work was performed during the 2 y prior to the introduction of the sixth vaccine dose. Thus, the possible effects of the sixth dose on the seroprevalence of the disease would not be reflected in the current study. Future studies will be needed to determine a possible change in the seroprevalence of young adults, as well as a regional decrease in pertussis cases.
Limitations. The main limitation of the study is the use of a convenience sample of young healthy volunteers undergoing routine medical visits at a hospital in Madrid. As this cannot considered a random sample of Madrid population, extrapolation of the study findings to other settings require careful consideration.
Although more than 80% of our sample were women, gender differences in the studied diseases are not to be expected because seroprevalence is driven (1) by the routine vaccination schedule (2) by natural infections. Gender differences in the seroprevalence status of young adults in Spain in the past were mainly attributed to the vaccination of males during the compulsory military service that ceased to be obligatory in 2001. Sample size. Given the young adult population (19-39 y) living in Madrid and the seroprevalences of the various immunopreventable diseases being studied, which range between 31% the percentage of rubella or mumps susceptible individuals was lower in the cohort born after the 1986, suggesting that better protection was reached after the introduction of vaccination due to the already mentioned higher immune response of the rubella component of MMR and to the revaccination with MMR after the mumps outbreak in Madrid. But this revaccination did not increase measles seroprevalence and the percentage of measles susceptible individuals was higher in the cohort born after the 1986. This can be explained not only by the better protection of the natural infection, but also to the high infectivity rate of measles combined with the difficulty to reach unvaccinated individuals in re-vaccination programs.
Patients and Methods

Study
VZV. VZV is a disease of benign prognosis when acquired during childhood, but prognosis is complicated if it occurs during adulthood. Young adults have a higher risk of mortality and complications from this disease, which include is possible transmission to the fetus when infection is acquired during pregnancy. 27, 28 In 2005, the VZV vaccine for children 11 y old with no history of disease or previous vaccination was included in the immunisation schedule of Madrid to prevent the development of this disease in the age group most at risk for complications. A year later, a dose at 15 mo of age was introduced for those born in the region. Unlike Madrid, there are other regions in our country where vaccination against VZV is not systematically conducted; this diversity could favor circulation of wild virus in these areas and between different regions of the country, facilitating the infection of susceptible populations. 29 In our study, the total percentage of VZV seropositive subjects was 92.8%. This figure is somewhat lower than those reported in other seroprevalence studies, both nationally and in other autonomous communities.
11, 30 The serosurveillance survey conducted in Madrid between 1999 and 2000 revealed an immunity percentage between 95.8% and 97.4% for individuals aged 21 to 40 y. 10 One possible explanation for our result is the use of a lesssensitive diagnostic method compared with other techniques for detecting antibodies against VZV. In addition, there is a lack of a "gold standard" method for detecting anti-VZV IgG, which is why it is difficult to compare results between different studies. 31 Furthermore, and unlike other studies, 32 indeterminate results were not been included with positive results in this study, which is why the rates of seropositivity may be lower.
Pertussis. IgG antibodies to Bordetella pertussis were detected in 70.2% of the sera tested. These seropositivity numbers are similar to those reported in a study that was performed in Catalonia in 1996 33 but are significantly higher than those obtained in other studies conducted nationally. 34, 35 With regard to age distribution (Fig. 1) , the group with a lower seroprevalence for B. pertussis consists of subjects between 30 and 34 y of age followed by an increase in those 35-39 y. This increase could be related to differences in the kinetics of PT 36 or to the waning immune response observed 10 to 20 y after natural infection potentially occurring during adolescence, once protection of primary vaccination was lost. 37 The 25 to 29 age group displayed the highest seroprevalence figures. These data coincide with that described in several studies conducted in other countries. [36] [37] [38] As value and negative when absorbance values were less than 15% of the cut-off value. Statistical analysis. The collected data were entered into a database using the double-entry validation method. The database was then refined. A descriptive analysis was performed on the total valid data using measures of central tendency and dispersion (mean or median if the distribution was asymmetric) together with their corresponding 95% confidence intervals for quantitative variables and frequency distribution (prevalences and proportions with 95% confidence intervals) for qualitative variables.
Age variable normality was confirmed by the KolmogorovSmirnov test.
Pearson's χ 2 test was employed to compare prevalences (if the expected frequency was less than 5, Fisher's test was used).
The Mann-Whitney U test was used to compare means, and the Kruskal-Wallis test was applied for variables with more than 2 categories. For all hypothesis tests used to estimate differences, associations, and relationships, p values less than 0.05 were considered significant.
The software PASW (IBM SPSS Statistics, Armonk, NY USA) version 18.0 was used for statistical analysis of the data.
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This project was funded by "Fondo de Investigaciones Sanitarias" grant PS09/02331.Ministerio de Sanidad, Instituto de Salud Carlos III. Spain. and 95%, it was decided to assume a seroprevalence of 50% to maximise the sample size. With an accuracy of 3% and a confidence level of 95%, we calculated a minimum sample size of 1067 serum samples. Overestimating to account for possible missing values in the serological analysis, 1153 participants were included in the study.
Serological analysis. The presence of IgG antibodies against the measles virus was determined by indirect ELISA (Enzygnost ® Anti-Measles Virus/IgG; Siemens, Marburg, Germany) according to the manufacturer's instructions. Serum samples with absorbance values < 0.100 were considered negative, absorbance values > 0.200 were considered positive, and absorbance values situated between these two figures were classified as indeterminate.
IgG antibodies specific for VZV, mumps, and rubella virus were quantified by ELFA (VIDAS; bioMeriuex, Inc., Marcy l'Etoile, France). The test value (TV) for each sample was obtained by calculating the ratio of the relative fluorescence value (RFV) of each sample to a standard. IgG antibody levels were considered to confer immunity if the value of the test (TV) was ≥ 0.90 for VZV and ≥ 0.50 for mumps virus. In the case of IgG antibodies specific for rubella virus, results were calculated as IU/ml according to the standards of the WHO, which considers values < 10 IU/ml to be negative and values ≥ 15 UI/ml to be positive.
IgG antibodies against B. pertussis and the pertussis toxin (PT) of B. pertussis were determined using a commercial qualitative ELISA method (Novagnost ® Bordetella pertussis IgG, Siemens). Following the manufacturer's recommendations, all sera were tested in duplicate, and results were considered positive when absorbance values were greater than 15% above the cut-off
